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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the semiconductor integrated circuit equipment which has DRAM 
(Dynamic Random Acess Memory) especially about the semiconductor integrated circuit equipment which has a 
capacitative element for information storage, and relates to an effective technique. 
[0002] 

[Description of the Prior Art] DRAM by which the memory cell was constituted from MISFET for memory cell 
selection (Metal Insulator Semiconductor Field Effect Transistor) and a capacitative element for information storage is 
in one of the semiconductor integrated circuit equipment. However, with the large-capacity-izing, detailed-ization of a 
memory cell progresses, the amount of stored charge of the capacitative element for information storage decreases, and 
DRAM has the problem that an information maintenance property falls. 

[0003] Then, by making an are recording electrode into crown structure in the capacitative element for information 
storage of DRAM of 64 or more Mbit, the surface area is enlarged and it is Ta 205 further. The film and TiO(Ba, Sr) 3 
The film and Pb(Zr, Ti) 03 Increase of the amount of stored charge is aimed at by using a capacity insulator layer with 
membranous large specific inductive capacity. 

[0004] In addition, about the are recording electrode of crown structure, November 5, Heisei 6, the Baifukan issue, and 
Kiyoo Ito work "VLSI memory" P19 have a publication, for example. 

[0005] Below, the formation approach of the are recording electrode of the conventional crown structure shown in 
drawing 9 is explained briefly. 

[0006] First, after forming MISFETQt for memory cell selection, the plug electrode PG which consists of 
poly crystalline silicon film 16 is formed on the 1st [ of MISFETQt for memory cell selection / one ] n-type- 
semi conductor field 14, and, subsequently to the 2nd [ of another side of MISFETQt for memory cell selection ] n- 
type-semiconductor field 19 top, the bit line BL which consists of the poly crystalline silicon film 18, poly crystalline 
silicon film 21, and tungsten silicide film 22 is formed. 

[0007] Next, on the semi-conductor substrate 1, after carrying out the sequential deposition of the silicon oxide film 23, 
a silicon nitride film 24, and the silicon oxide film (not shown) by which flattening was carried out, the polycrystalline 
silicon film 27 which constitutes some are recording electrodes SN is deposited further. 

[0008] Next, after processing the above-mentioned polycrystalline silicon film 27, the polycrystalline silicon film 28 is 
deposited on the semi-conductor substrate 1, and, subsequently the sidewall spacer which becomes the side attachment 
wall of the polycrystalline silicon film 27 from the polycrystalline silicon film 28 is formed by processing this 
polycrystalline silicon film 28 by anisotropic etching. Subsequently, the 3rd contact hole 29 is formed on the plug 
electrode PG by carrying out sequential processing of the silicon oxide film by which flattening was carried out 
[ above-mentioned ], a silicon nitride film 24, the silicon oxide film 23, and the silicon oxide film 17. 
[0009] Next, after carrying out the sequential deposition of the polycrystalline silicon film 30 and the BPSG (Boron 
Phospho Silicate Glass) film (not shown) on the semi-conductor substrate 1, sequential processing of this BPSG film, 
the polycrystalline silicon film 30, and the polycrystalline silicon film 27 is carried out. 

[0010] Next, after depositing the polycrystalline silicon film 32 on the semi-conductor substrate 1, the are recording 
electrode SN of the crown structure constituted with the polycrystalline silicon film 27, 28, 30, and 32 is formed by 
processing this polycrystalline silicon film 32 by anisotropic etching by leaving the cylindrical polycrystalline silicon 
film 32 to the side attachment wall of the BPSG film, the polycrystalline silicon film 30, and the polycrystalline silicon 
film 27, and subsequently removing the BPSG film and the silicon oxide film by which flattening was carried out. 
[001 1] (Then, the capacity insulator layer 205 which has a high dielectric constant on the front face of the are 
recording electrode SN, for example, Ta, The capacitative element for information storage is completed by forming the 
film and subsequently forming the plate electrode PL which consists of titanium nitride film 34.) 



[0012] 1 

.* [Problem(s) to be Solved by the Invention] However, in forming the are recording electrode of crown structure by said 
formation approach, this invention person found out that there were the following troubles. 
[0013] That is, as shown in drawing 10 , the latest section of the cylindrical polycrystalline silicon film 32 which 
constitutes some are recording electrodes SN is sharp, and the cross-section configuration has the interior angle of the 
include angle (theta) of about 30 degrees. However, Ta 205 which is a capacity insulator layer When the film 33 is 
deposited on the front face of the are recording electrode SN, at the latest above-mentioned section, it is Ta 205. The 
grain boundary 35 of the film 33 will tend to grow, and the thickness of 20Ta5 film will become thin with the stress 
generated with growth of this grain boundary 35. Especially, it is Ta 205. In the cross-section configuration of the 
polycrystalline silicon film which constitutes the are recording electrode SN, the include angle of the interior angle 
which this cross-section configuration has tends to produce growth of the grain boundary 35 of the film 33 in the acute 
angle part of 35 or less degrees. 

[0014] Furthermore, thin Ta 205 which electric field concentrated in the latest above-mentioned section, and was 
deposited on the latest section when the electrical potential difference was impressed between the are recording 
electrode SN and the plate electrode PL The film 33 is Ta 205 deposited on other front faces of the are recording 
electrode SN. It is easy to be destroyed rather than the film 33. 

[0015] Therefore, Ta 205 which is a capacity insulator layer in the capacitative element for information storage which 
consists of an are recording electrode of crown structure The fall of the reliability by membranous destruction tends to 
take place, and the yield of a product falls. 

[0016] The purpose of this invention is to offer the technique which can be improved in the reliability of the 

capacitative element for information storage which has the are recording electrode of crown structure. 

[0017] The other purposes and the new description will become clear from description and the accompanying drawing 

of this specification along [ said ] this invention. 

[0018] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained among 
invention indicated in this application. That is, the semiconductor integrated circuit equipment of (1) this invention has 
DRAM which arranges the capacitative element for information storage which consists of an are recording electrode of 
the crown structure covered with the capacity insulator layer above MISFET for memory cell selection, and is the 
configuration where the latest section of the cylindrical electric conduction film which constitutes some are recording 
electrodes was roundish. 

[0019] (2) Moreover, the include angle of the interior angle which the semiconductor integrated circuit equipment of 
this invention has DRAM which has arranged the capacitative element for information storage which consists of an are 
recording electrode of the crown structure covered with the capacity insulator layer above MISFET for memory cell 
selection, and the cross-section configuration has in the latest section of the cylindrical electric conduction film which 
constitutes some are recording electrodes is 35 degrees or more. 

[0020] (3) Moreover, the semiconductor integrated circuit equipment of this invention has DRAM which arranges the 
capacitative element for information storage which consists of an are recording electrode of the crown structure 
covered with the capacity insulator layer above MISFET for memory cell selection, it is the configuration where the 
latest section of the cylindrical electric conduction film which constitutes some are recording electrodes was roundish, 
and the include angle of the interior angle which the cross section configuration of the latest section has is 35 degrees 
or more. 

[0021] (4) Moreover, the manufacture approach of the semiconductor integrated circuit equipment of this invention is 
the manufacture approach of semiconductor integrated circuit equipment the above (1), (2), or given in (3), after it 
forms the are-recording electrode of crown structure above MISFET for memory cell selection with the electric- 
conduction film, forms a thin oxide film in the front face of the electric-conduction film which performs thermal- 
oxidation processing to a semi-conductor substrate, and constitutes an are-recording electrode, and, subsequently 
removes the above-mentioned oxide film. Next, a plate electrode is formed after depositing a capacity insulator layer 
on the front face of the electric conduction film which constitutes an are recording electrode. 

[0022] (5) Moreover, the manufacture approach of the semiconductor integrated circuit equipment of this invention is 
the manufacture approach of semiconductor integrated circuit equipment the above (1), (2), or given in (3), and after it 
forms the are recording electrode of crown structure above MISFET for memory cell selection with the electric 
conduction film, it deletes the front face of the electric conduction film which constitutes an are recording electrode by 
isotropic etching. Next, a plate electrode is formed after depositing a capacity insulator layer on the front face of the 
electric conduction film which constitutes an are recording electrode. 

[0023] Since there are 35 include angles or more which there is no part which sharpened in the latest section of the 
cylindrical electric conduction film which constitutes some are recording electrodes, and the interior angle of the cross- 



section configuration of the latest section of this makes according to the above-mentioned means Since electric-field 
.concentration in the latest section cannot take place easily even if thin film-ization of a capacity insulator layer is 
suppressed that the grain boundary of a capacity insulator layer cannot grow easily in the latest above-mentioned 
section and it impresses an electrical potential difference between an are recording electrode and a plate electrode 
further, destruction of a capacity insulator layer can be prevented. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail based on a 
drawing. 

[0025] The capacitative element for information storage and its manufacture approach of the DRAM memory cell 
which is the gestalt of 1 operation of this invention are explained using drawing 1 - drawing 8 . In addition, what has 
the same function in the complete diagram for explaining the gestalt of operation attaches the same sign, and 
explanation of the repeat is omitted. 

[0026] Drawing 1 is the important section sectional view of the semi-conductor substrate in which the capacitative 
element for information storage which is the gestalt of 1 operation of this invention is shown. 
[0027] The are recording electrode SN which constitutes the capacitative element for information storage is formed 
above MISFETQt for memory cell selection, and the configuration has crown structure which consists of parts of the 
base which consists of a cylindrical part which consists of polycrystalline silicon film 32, and polycrystalline silicon 
film 27, 28, and 30. 

[0028] The are recording electrode SN is connected to the plug electrode PG currently formed on the 1st [ of 
MISFETQt for memory cell selection / one ] n-type-semi conductor field 14 with the polycrystalline silicon film 30 
which constitutes some are recording electrodes SN. In addition, the 2nd n-type-semiconductor field 19 of another side 
of MISFETQt for memory cell selection is connected to the bit line BL. 

[0029] Ta 205 of the high dielectric constant (epsilon= 23) which is a capacity insulator layer in the front face of the 
are recording electrode SN The film 33 is formed through a thin silicon nitride film (not shown) with a thickness of 
about 2nm, and it is Ta 205. The_ titanium nitride film 34 ja diich is the plate elect rodeJgL is formed in the front face of 
the film 33. In addition, the above-mentioned silicon nitride film is Ta 205. In case the film 33 is formed, it is prepared 
in order to prevent the amount of stored charge which the front face of the polycrystalline silicon film 27, 28, 30, and 
32 oxidizes, and the capacitative element for information storage has decreasing. 

[0030] Drawing 2 is drawing which expanded a part of cross section of the are recording electrode SN. The latest 
section of the polycrystalline silicon film 32 is carrying out roundish [ wore ], and the include angle of the interior 
angle which the cross-section configuration has is 35 degrees or more. 

[003 1] Next, the manufacture approach of the capacitative element for information storage of the gestalt this operation 
shown in said drawing 1 is explained using drawing 3 - drawing 8 . 

[0032] First, p - Sequential formation of a well 2, the field insulator layer 3, and the gate dielectric film 4 is carried out 
p mold by the approach of common knowledge on the principal plane of the semi-conductor substrate 1 which consists 
of a mold silicon single crystal. 

[0033] Next, the polycrystalline silicon film 5 with which Lynn (P) was introduced on the semi-conductor substrate 1 
as shown in drawing 3 and WSi2 The sequential deposition of the film 6, the silicon oxide film 7, and the silicon nitride 
film 8 is carried out. Then, a photoresist is used as a mask and they are a silicon nitride film 8, the silicon oxide film 7, 
and WSi2. By carrying out sequential etching of the cascade screen which consists of film 6 and polycrystalline silicon 
film 5, it is WSi2. The gate electrode 9 of MISFETQt for memory cell selection which consists of film 6 and 
polycrystalline silicon film 5 is formed. 

[0034] Next, WSi2 which constitutes the gate electrode 9 by performing thermal oxidation processing to the semi- 
conductor substrate 1 The thin silicon oxide film 10 is formed in the side attachment wall of the film 6 and the 
polycrystalline silicon film 5. 

[0035] then, the silicon nitride film deposited on the semi-conductor substrate 1 - RIE (Reactive IonEtching) ~ the 
sidewall spacer 1 1 is formed in the side attachment wall of the above-mentioned cascade screen by processing it by 
anisotropic etching, such as law. 

[0036] Next, after depositing the silicon oxide film 12 and the BPSG (Boron PhosphoSilicate Glass) film 13 with a 
CVD method on the semi-conductor substrate 1, flattening of the front face of the above-mentioned BPSG film 13 is 
carried out by 900-950-degree C reflow processing, and, subsequently to the semi-conductor substrate 1 top, the 
polycrystalline silicon film (not shown) with which P was introduced is deposited with a CVD method. 
[0037] Then, the 1st contact hole 15 is formed on the 1st n-type-semiconductor field 14 formed after [ one ] MISFETQt 
for memory cell selection by using a photoresist as a mask and carrying out sequential etching of the insulator layer of 
the same layer as this polycrystalline silicon film, the BPSG film 13, the silicon oxide film 12, and gate dielectric film 
4. Subsequently, the ion implantation of n mold impurity, for example, the P, is carried out, and one 1st n-type- 



semiconductor field 14 of MISFETQt for memory cell selection is formed. 
.* [0t)38] Next, after depositing the poly crystalline silicon film 16 with which P was introduced on the semi-conductor 
substrate 1 with a CVD method, the plug electrode PG which consists of polycrystalline silicon film 16 is formed in the 
1st contact hole 15 of the above by carrying out etchback of this polycrystalline silicon film 16 and the above- 
mentioned polycrystalline silicon film one by one. 

[0039] Next, the polycrystalline silicon film 18 with which the silicon oxide film 17 and P were introduced on the 
semi-conductor substrate 1 is deposited with a CVD method. Subsequently, the 2nd contact hole 20 is formed on the 
2nd n-type-semiconductor field 19 formed behind another side of MISFETQt for memory cell selection by using a 
photoresist as a mask and carrying out sequential etching of the insulator layer of the same layer as the polycrystalline 
silicon film 18, the silicon oxide film 17, the BPSG film 13, the silicon oxide film 12, and gate dielectric film 4, 
[0040] Subsequently, the polycrystalline silicon film 21 and WSi2 by which P was introduced on the semi-conductor 
substrate 1 as shown in drawing 4 After carrying out the sequential deposition of the film 22 with a CVD method, a 
photoresist is used as a mask, and it is WSi2. It is WSi2 by carrying out sequential etching of the film 22, the 
polycrystalline silicon film 21, and the polycrystalline silicon film 18. The bit line BL which consists of the film 22, 
polycrystalline silicon film 21, and polycrystalline silicon film 18 is formed. 

[0041] Moreover, the 2nd n-type-semiconductor field 19 of another side of MISFETQt for' memory cell selection is 
formed of diffusion of P introduced into the polycrystalline silicon film 21, and a bit line BL is connected to the 2nd n- 
type-semiconductor field 19 of this MISFETQt for memory cell selection through the 2nd contact hole 20 by it. 
[0042] Next, on the semi-conductor substrate 1, as shown in drawing 5 , after carrying out the sequential deposition of 
the silicon oxide film 23, a silicon nitride film 24, and the BPSG film 25 with a CVD method, flattening of the front 
face of the above-mentioned BPSG film 25 is carried out by 900-950-degree C reflow processing, and, subsequently to 
the semi-conductor substrate 1 top, the silicon oxide film 26 is deposited. Then, the polycrystalline silicon film 27 with 
which P with a thickness of about 70nm was introduced is deposited with a CVD method on the semi-conductor 
substrate 1, subsequently to a mask, a photoresist is carried out and this polycrystalline silicon film 27 is etched. 
[0043] Next, as shown in drawing 6 , after depositing the polycrystalline silicon film 28 with which P was introduced 
on the semi-conductor substrate 1 with a CVD method, a sidewall spacer is formed in the side attachment wall of the 
above-mentioned polycrystalline silicon film 27 by processing this polycrystalline silicon film 28 by anisotropic 
etching, such as the RIE method. Subsequently, the 3rd contact hole 29 is formed on the Prabhu electrode PG prepared 
in the 1st contact hole 15 by carrying out sequential etching of the silicon oxide film 26, the BPSG film 25, a silicon 
nitride film 24, the silicon oxide film 23, and the silicon oxide film 17. Then, the sequential deposition of the BPSG 
film 3 1 of the thickness which is the polycrystalline silicon film 30 with which P was introduced on the semi-conductor 
substrate 1, and about 500nm is carried out with a CVD method. 

[0044] Next, as shown in drawing 7 , after using a photoresist as a mask and carrying out sequential etching of the 
BPSG film 3 1 and the polycrystalline silicon film 30 and 27, the polycrystalline silicon film 32 with which P with a 
thickness of about lOOnm was introduced on the semi-conductor substrate 1 is deposited with a CVD method. 
[0045] Subsequently, it leaves the cylindrical polycrystalline silicon film 32 to the side attachment wall of the BPSG 
film 3 1 and the polycrystalline silicon film 30 and 27 by processing this polycrystalline silicon film 32 by anisotropic 
etching, such as the RIE method. In addition, the latest section of the cylindrical polycrystalline silicon film 32 at this 
time is sharp, and as shown in drawing 10 , the cross-section configuration of the latest section of this has the interior 
angle of the include angle of about 30 degrees. 

[0046] Then, as shown in drawing 8 , by the wet etching using a fluoric acid water solution, the BPSG film 3 1, the 
silicon oxide film 26, and the BPSG film 25 are removed, and the are recording electrode SN of the crown structure 
which consists of polycrystalline silicon film 32, 30, 28, and 27 is formed. 

[0047] Next, about 4nm silicon oxide film (not shown) is formed in the front face of the polycrystalline silicon film 32, 
30, 28, and 27 by performing thermal oxidation processing for 3 minutes to the semi-conductor substrate 1 at the 
temperature of 850 degrees C. Then, wet etching using a fluoric acid water solution (for example, HF:H2 0=1 :200) is 
performed for about 2 minutes, and the above-mentioned silicon oxide film is removed. By this, as shown in said 
drawing 2 , the latest section of the cylindrical polycrystalline silicon film 32 which constitutes the are recording 
electrode SN is made roundish [ wore ], and the include angle which the interior angle in the cross-section 
configuration of this part makes is made into 35 degrees or more. 

[0048] Next, a silicon nitride film (not shown) with a thickness of about 2nm is deposited on the front face of the are 
recording electrode SN with a CVD method, then it is amorphous Ta 205 of about 30nm of heat. It is Ta 205 by 
performing thermal oxidation processing to the semi-conductor substrate 1, after depositing the film 33 with a CVD 
method. The film 33 is crystallized. Then, the titanium nitride film 34 is deposited with a CVD method on the semi- 
conductor substrate 1, subsequently to a mask, by carrying out a photoresist and etching this titanium nitride film 34, 
the plate electrode PL which consists of titanium nitride film 34 is formed, and the capacitative element for information 



storage shown in drawing 1 is completed. 
.* {0b49] Thus, since there are 35 include angles or more which the latest section of the cylindrical poly crystalline silicon 
film 32 which constitutes some are recording electrodes SN is carrying out roundish [ wore ], and the interior angle of 
the cross-section configuration of this part makes according to the gestalt of this operation It sets in the latest section 
and is Ta 205. It is Ta 205 that the grain boundary of the film 33 cannot grow easily. Since electric-field concentration 
in the latest section cannot break out easily even if thin film-ization of the film 33 is controlled and it impresses an 
electrical potential difference between the are recording electrode SN and the plate electrode PL further Ta 205 
Destruction of the film 33 can be prevented. 

[0050] As mentioned above, although invention made by this invention person was concretely explained based on the 
gestalt of implementation of invention, it cannot be overemphasized that it can change variously in the range which this 
invention is not limited to the gestalt of said operation, and does not deviate from the summary. 
[0051] For example, although the gestalt of said operation explained the case where it applied to the are recording 
electrode constituted with the polycrystalline silicon film, it is applicable also to the are recording electrode constituted 
with the refractory metal film or the metal silicide film. 

[0052] Moreover, it is Ta 205 to the dielectric film which constitutes a capacity insulator layer from a gestalt of said 
operation. Although the film was used, they are other high dielectric films (Ba, Sr) 3, for example, TiO. The film or Pb 
(Zr, Ti) 03 The film may be used and it is Ta 205. The same effectiveness as the case where the film is used is 
acquired. 

[0053] Moreover, although the latest section of the cylindrical polycrystalline silicon film which constitutes some are 
recording electrodes by removing the silicon oxide film formed in the front face by thermal oxidation processing was 
made roundish [ wore ] with the gestalt of said operation after forming the are recording electrode of crown structure 
with the polycrystalline silicon film, it is good also as roundish [ wore / the latest section of the cylindrical 
polycrystalline silicon film / by isotropic etching ]. 
[0054] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among invention 
indicated by this application is explained briefly. 

[0055] Since according to this invention thin-film-izing of a capacity insulator layer, and an are recording electrode and 
plate inter-electrode electric-field concentration can be controlled and destruction of a capacity insulator layer can be 
prevented in the latest section of the cylindrical electric conduction film which constitutes some are recording 
electrodes of crown structure, the reliability of the capacitative element for information storage can be improved. 



[Translation done.] 
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[0 0 15] «£r>T, ^7^>«|jg<D^W®)^^:S 

iWiasaiBgasef-ctt, ®mimmv&z>T a, o* 

[0 0 16] *S§?B0BlHH4, *7?>**ii©3HaSffi 

^f&smi*mm-zz\t.\zs!>z>. 
[0017] *wm%mzzxf\z*<Dm»&mt.mm. 
w&mt. *wmv^&&Tmm&frt>we>fr\z 

[0 0 18] 



mm 1 sf e t<d±jj\z. &msmm\z&-3 xwmzn 

[0019] (2) *&. *mm<Dmmmsmkm 
10 a. ^u-b;ww?ffiMisFETo±*jc. ^a^e 

mmm<D^m^znmiamw&<Dm&m\z 

[0 0 2 0] (3) Sfc. 2^SWO¥3M*^«HlK»a 

^rr«(^©Afl&5i3 5j^JLhTf**. 
[002 1] (4) fcfc, *^OiN«t^«ti]KgB 

±b (i) , (2) jtowa (3) ia®<o 

ftfflM I S FET<D±Jj\zmW%Z*.?T27V>ffi& 

vTmitmmzmm-zmmm<oiffi\zm^mi\M&M 

[0 0 2 2] (5) Sfc. 4mo#w»Mn§Ki» 

©Sit2fte«. ±SB (1) » (2) *fcf4 (3) I2tg© 
VWM I SFETO±*lC»fa»C«koT^7'»«JS 

o&mm&j&iSHsitm. m^{i<ox^>^\z^x 

40 [0023] ±iEu&#iaK«k*u4\ ^smei<D-a5<& 
3 5«eLtfe4©T, ±fae5tss8ajic*sv^T^s^s^ 

«WMMlttlWtj««Ulc< <*S*6S^w^bii«)Ae. 
[0 0 24] 



5 

(0 0 2 5) *&me>-$m<DTm~Z$>*>VRAM**: 

[ o o 2 6 ] 0 1 *&w<D-m&v>mm-z$>z>tm 
[oo2 7] fis?sg^&s^£#jfrf-5«8t®is 

Nfi, ^U-feJWHRIBM I SFETQ t<Z)_fcfriCj£fi£ 

$nr*s *) , >j 3 >m 3 2 * 6 fc« 

RfSS©S5^t#j^^Un>^2 7. 2 8. 3 0^8. 

[0 0 2 8] ^SS&SNte. #$t«ffiSNCD— SBStfg 

MISFETQt ©-#©31 1 © n 1 4 ± 

^'J-fcJW^VBMI SFETQ t©ffi#©m2© 
n 1 9tefcTy hl&B L \Zffi0lc£tlX^Z>o 

[0029] #BS®gsN©s?sn;:wu ®g$mm?$> 

(6 = 2 3) OT a. Os BI3 3**> J5$Jffl 
£*L Ta. Os K3 3©^®lCtt^U—hlS8BPLT 

*-5^t^^>M3 4d^fiE^nrv^. 

fcis'j3>mZ. Ta, O* BI3 3 ^fitT-SBS, 
A5'U:]>JK2 7. 2 8, 3 0. 3 2®^ffldIKffc$n 

[0 0 3 0] 02«. ^SmffiSNWlffffiO-aU^JS^: 
b^0T*S. ^Sft'>'j3>K3 20S5fe«SfflR^*. 

[0031] msm i »c^Lfc*^«s<^jicDit 

[0032] s-T. p- S->Un>^a*^5¥« 

[0 0 3 3] 03K:fc-r«fcPfc. *#&IH£1± 

irU> (P) ^A$*i^^S^'Jn>K5, ws i 
» K6v gl^'J3>^7t$ck^b'>';n>K8S-Ji 

worn-*. ^^-hu^hsv^^tcLT^ 

-ft->'j3>K8, K^->»J3>K7, ws 1. aa6*3«t 

[0034] #ic. 1 \ztm&\$m&it£tz. 

i^ftft«>yj>R5<o«KlH«ff:'>'j3>Ki 0 



(4) 0-50949 
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[0035] ^m, %mtmii±\zim2nrcg4k 

->'ja>]&£:R I E (Reactive IonEtching) 

m^^y^>^jKsx.-r^z\iz\z^x. ±?&mm 

[ 0 0 3 6 ] &\z> 1 ±.\zfflk~>v □ >Bt 1 

2*$cktfBPSG (Boron PhosphoSilicate Class) 1& 
1 3%CVDffiz£?Timvrz& 9 0 0~9 5 Ot: 
0'j7D-fi!yif'«k»9±ffiBPSGJ!gl 3<J>&W*WM 

[0 0 3 7] y*hUzSXb&-?X2\ZlsTZ. 
o^S^wm BPSGBIl 3, BWb'>U3>Bt 
1 2i5cfc^- h*6g$l4 <hl^-|I©*fe&$l£t[I&X-.y 
^>^^e:t(C<fc0, WJtjl«fflMISFET 
Q t 3f©«fcJ»ifc**l*SB 1 CD nM^mffim 1 4 
±CS I <DZl>o?9 Ms— 1 5«r7^fi£T-5. ^Ct/il!, 

fflM I S F E TQ t <D-Jja>& 1 © nl^m! 1 4 

[0 0 3 8] ^K, l±KPdt»ASn^ 

(D0m^J=i>m 1 6 *3ck^±SE^i(Sft'>U 3>M* 

f^PG€rJ^fi)tr«. 
[0039] 1 ±K3RflS5'U 3>M 1 

7 P#«A£n*:^!igJ|->U 3>il8SCVD 

J» lCLT^S>'Un>Ml 8, K<b->'J3>JK1 7, B 
PSGBI1 3. K^>'Jn>Kl 2*5jcC^y-h|i6gaBi 

4 tm-m(Dmmzmk^y^>y?%z.t\z&r), 

^V±)VT&RmU I SFETQ t ©flte^(D^{C^$ 
n*m20nS¥««c^l 9±C^2©n>^ir 

[0 0 4 0] ^Vi-C, E94lc^rJ:5lC, 
±\Z P dU»ASnfc#<SSift5' 'J rj >m 2 1 *5 itAV S i 
» 18*2 2^CVDfetCct^T)III^«lfilU^ 7thU 
^Xh^V^^lCUTWS 1» ^2 2. 0jfSa->'Jn> 
40 Wl 2 1 m:C^N»^U 3>K18 SJ&fcXy^iT 
-S^tlCcfeO, WS i> BI2 2, #)^S'>'J3>IK2 1 
JbJ:t«KBftS/'j3>jm 8^6^StT«>h«SlBL^ 

[0041] Sfc, ^gft->U3>IS2 1 »C«A^nfc 
P<mfflZ£z>T*^)1Z)\j&mMl SFETQ t CD 

2 © nl^«« 1 9 aJBritefU fcT-y . 
BLtt^2CD3>^^ h3jN-;|/20SliUT. uC0/t 
•J ±)lrffltmM I S F E TQ t OM 2 © ni^g« 
1 9lCgg!ft£*l<5. 
i» [0 0 4 2] ^(C, E35JC^-T«t5fC, ¥^®K1± 



(5) 
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\ZJffit v g 3 >£| 2 3 > Mti/ U 3 >J8 2 4 iJcfctfB P 
SGM2 5€CVDfe(C<toTI®Wi«bfc^ 900 
~9 5 0r©g7DHM:<J:9-fcJEBPSG|g|2 5© 
SSBWBfcU aMW«HRi±fqWbS/g=i 

>jK2 6<&itgrrs. *-<m *m&mi.i±\z. mi 

0 nm©JP£©Pa^A£*t^W!g.&'>g3>j8l2 7£ 
CVD&KcfcoTitiaU 7*-M/5>*h*V 
X?KLT;i©#*§S->g 3>BI2 7 £Xy^>y-r 
•5. 

[0 0 4 3] 06 ^NMfcgtS 1 ± /<? 
KPtmAt'tVt&teBti' V 3 2 8 £ C VDfeteJ; 
o Ti£iaL*:&. Z.0&1&Sk~sV 3 >& 2 8 *R I 

^S'>gn>^2 7©fijgK-tM f^*- g- 

Sr^fifcTSo &</^ «ftS^U 3 >JK 2 6 , BPSGI 

2 5. SEfkS>g3^R2 4, HflS->g3>Ht2 3*Sj:t; 

mi©3>*57h*-;n 5rttcf»t<3*i£::^:/fM 

P G_tlc33 3 ©3 V 2 9 S^fitT^o -t® 
& ^^^^lilcP^A^^^ft^'Jn^ » 

3 0i5j;t^j5 0 0nmG)/9$CDBPSGJS3 1SCV 

[0 0 4 4] 07(C^f <fc-5f^ 
£v;^K:bTBPSGBS3 1 &&V&&&>'V 3>B? 
3 0. 2 7£J@&Xy^>^b£&. ¥3W*Stgl±K: 
J?SJftl 0 0 nm©P^ASnfe^a->Un>K3 
2 £C VDmz£?T*mr&. 

[0 0 4 5] #<AT. Zn&m&hz/i) 3>g3 2SRI 

BPSGJK3 l*.J:t^Sa>' , J3>M3 0. 2 70ffl <J0 

®icRfsi!o^a'>gn>K3 2^^r. &*5» ^© 

[ 0 0 4 6 ] 08 IZtZT <fc 5 K» 01 AJ£ 7 y 

ftWfiftf^xy hxy^^wJ^T, bps 
GK3 1. B&fcv'g3>j£2 6*y;tfBPSGIgS2 5£ 
UfefeLT, ^INI^g3>K3 2, 3 0. 2 8. 2 7* 

[0 0 4 7] #ClC, «A.«, 8 5 0G 4? 

B>'ga>fflt3 2. 3 0. 2 '8. 2 7©^®lCiji?J4nm 

©wb'>U3>« flg^ zmctz. torn, ? 
vmam hf : h, 0=1 : 2 0 o> &m 

l&3 2©^^£;^£#tffcJ^fcU dCDSC^-© 
»fffi^JCi$^-5^^/a:-rAS«-3 5ffeth<i:-r-5. 
[0 0 4 8] $t\Z. m&gMSNC0&W\zm2$)2 nm 59 
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U «&vc, #S)Kl3 0nmO*aS©Ta, Os 183 

3 e c vDfficj:oTi^sbm i icast 

<bSQ3£JS"T£ £:IC<ko T. Ta. O. K3 3&i&ftffc: 

■rso *<m. ¥m?mii±\zmtT*>m4&c 
vDmz^xmmv. x^x, 7tM/^hs-7x 

2 \Z VX ZLWmt?-* 3 4 ^X7f>m C tic 
<kD, &fl;3 1 :*>II!S3 4a>£.ft£7V-h«ffiPL£J§S 

[0 0 4 9] £©<fc5K, *Sa6©^||lC«tn«, 

«ffisNo-^*#Wtr*pif«ac!^ea'>g 3>K3 

<OlB5^»faB^©^ft*Wft^3 5S&Lh*5© 
S5t^lc:*jt/iTTa a 0 6 I&3 3 ©*§ii&f?.;&tj& 
*Lfc<<Tai Os i&3 3©f^fcai»»H$*l> $6 
tC. ^f^ffiSNtyU-NaffiPLtorair«ffi^B3 

ffisT*mm^em*&m&\z < ^©t*. t a 

2 Os K[3 3©®^S:|&<^tdn?^5 < . 
[0 0 5 0] £lt. *?g?i§Ci^Ta;$nfcli^ 

ffil^66©^S8Klll3£Sn-5t)©^i^<» ^©gg£ 
[0 0 5 1] kiL^M, m&$&m&X\*. ^SHr> 

g a >ggic«fc^ r«^$nrc^a«®ic^ffl Lrz®$\z 

[0052] tji^«i©jgsi-ctt. §«figy8* 
Wfi&rssifi^cTaa Os m%mwzi)% mourn 

tm «li (Ba. Sr) TiO» lKS>5:«Pb 
(Zr. Tl) 0> K«rffl^Tt>^<> Ta, Os 

[0 0 5 3] megmoyem-wz. ^a^urj 
ym\z^x9^>wmoymmmm^rzMk. * 
o^mzmti\^m\z^xm&^rzmt^) =>ymz 

g 3 >m<»m^*ihfr*ms-izmkt.\sX-b^\ 

[0054] 

&m<mm ^m\z^xm^n^^<Dot>. « 
m>te*<D\z&?xnznzm!:&mm\zwm'rti& 

[0 0 5 5] ^^(CcttUi ^7*»«fii©^S««8 

<D-®zmf&rz> nm£(Dmw&<Dm3m\z&^x. 

wm^zmm [sx®&msm>mizm<ziit>ix% 
*©t> mmmi®m3s^Dmmm$:fa±-fz c 
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[02] *5SWO-^ ^6feC0^giT*'51^^fiffl^ft* 
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[03] :£^9i<D— ^BfiCDJgs8TfeS^#f*^SlHlKS 
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[05] *^cd— ^cD^T^s^^iiaHi^ 
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[06] ^%^(D—^^(DW^S>^^i^^Bi^i 
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[07] *:^?g<D— HJfiCD?gffiTa&^^##SHElK^ 
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BPSGi 
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2 


6 




[08] #3g91£>— ISS^ggT*S^(**8(IHl^ 
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7 
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^^>Un>l W-f H^7^~;i/X^— it) 






2 


9 


S3(on>^^h/jN-;i/ 


[09] tfe^#^ft^Elf^«CDlt^^Sffl§§^ 




3 


0 




^S:^r¥^S«(^3ia^pfM0"T?**o 
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BPSGKE 


[010] tfe^ff^^ffl^^^)^«ffi0S|^ 
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